1. Introduction
===============

Breast cancer (BC), the most common types of malignance in female, affects about 12% of women worldwide.^\[[@R1]\]^ Along with the changes in lifestyles, the incidence of BC worldwide has significantly increased since the 1970s.^\[[@R2]\]^ Stage, which takes size, local involvement, lymph node status, metastatic disease into consideration, represents the most important prognostic factor for BC, and the higher the stage at diagnosis, the poorer the prognosis.^\[[@R3]\]^ Although the rate of 5-year survival of patients with stage I and II BC was more than 90%, it drops down to about 22%.^\[[@R4]\]^ Thus, early detection, screening, and advanced tailored treatment are extremely important to reduce the mortality of BC.

Prognostic biomarkers or signatures that predict the clinicopathological features and survival of BC patients can help the screening, diagnosis, classification, and treatment of BC. The 21-gene OncotypeDx assay (Genome Health Inc, Redwood City, CA) can be used to detect early stage ER-positive BC.^\[[@R5],[@R6]\]^ The 70-gene signature has been demonstrated to have prognostic value in ER-positive and ER-negative early-stage node-negative.^\[[@R7]\]^ In the present study, we developed a 19-gene-based prognostic signature and nomogram that was associated with the clinical prognosis of BC patients.

2. Material and methods
=======================

2.1. Breast cancer gene expression study and differentially expressed genes (DEGs) between BC and normal breast tissue
----------------------------------------------------------------------------------------------------------------------

The TCGA (The Cancer Genome Atlas) BC expression profile (The TCGA-BRCA cohort)^\[[@R8]\]^ and the associated clinical information were downloaded from Genomic Data Commons Data Portal (<https://portal.gdc.cancer.gov/>). A total of 1080 primary BC samples and 114 adjacent normal breast tissues were included in our study (detailed clinical information of these primary BC patients was summarized in Table [1](#T1){ref-type="table"}). Level 3 gene expression profile of the TCGA-BCRA, measured by using the Illumina HiSeq 2000 RNA Sequencing platform, was obtained and log2 (x+1) transformed RSEM normalized count data was used in our study. Then, genes are mapped onto the human genome coordinates using UCSC Xena HUGO probeMap. BC samples with survival information were included in this study. The R packages "limma" was used to identify DEGs between normal breast tissue and BC.^\[[@R9]\]^ Genes with \|log~2~FC\|\>2 and adjusted *P* \< .05 were considered to be DEGs. GSE7390,^\[[@R10],[@R11]\]^ measured by Affymetrix Human Genome U133A Array, included a total of 198 BC samples and associated clinical information. We used GSE7390 as an independent validation cohort to validate the prognostic performance of our prognosis model. This study was approved by the ethics committee of Affiliated Heping Hospital, Changzhi Medical College.
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Characteristics of breast cancer patients in the TCGA-BRCA cohort.
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2.2. Signature construction
---------------------------

To build a prognosis-related signature, univariate and multivariable Cox proportional-hazards regression analyses were performed to identify DEGs that were significantly correlated with the overall survival (OS) of BC patients. Next, those DEGs (19 genes, which will be mentioned below) independently correlated with survival of BC were included in a Cox proportional-hazards regression model to construct the prognostic signature, and the risk score for each BC patients was calculated.

2.3. Prognostic value of the signature
--------------------------------------

BC patients in the TCGA-BRCA cohort and the GSE7390 cohort were classified into low-risk group and high-risk group based on the cut-off calculated by time-dependent receiver-operating characteristic (ROC) curve analysis in an R package "survivalROC."^\[[@R12]\]^ Then, univariate and multivariable Cox proportional-hazards regression analyses were performed to characterize the prognostic role of the 19-gene signature. Moreover, survival analysis was conducted to investigate the prognostic value of the 19-gene signature.

2.4. Development of the 19-gene-based nomogram, and its calibration analysis and decision curve analysis
--------------------------------------------------------------------------------------------------------

To translate the prognostic value of 19-gene-based signature into clinical use, we developed a nomogram that included the risk score and the clinical information of BC patients including age, stage, estrogen receptor (ER) status, progesterone receptor (PR) status, and human epidermal growth factor receptor 2 (HER2) status. The nomogram was internally validated using bootstraps with 1000 resamples in the TCGA-BRCA cohort. Calibration curves were plotted to assess the calibration of the 19-gene nomogram. Decision curve analysis (DCA) was conducted to determine the clinical usefulness of the 19-gene nomogram by quantifying the net benefits at different threshold probabilities.^\[[@R13]\]^

3. Results
==========

3.1. Identification of DEGs in BC
---------------------------------

A total of 1080 BC samples and normal breast tissues were included to build a prognosis model in the present study (the clinical characteristics of BC patients are summarized in Table [1](#T1){ref-type="table"}). In all, 742 DEGs were identified between BC and normal breast tissue (Supplementary Table 1) according to our inclusion criteria. Meanwhile, a total of 198 BC samples in the validation set (GSE7390) were included to validate the performance of the prognostic signature (the clinical characteristic of BC patients in the validation set are shown in Supplementary Table 3).

3.2. Identification of prognosis-related genes and the associated signature construction
----------------------------------------------------------------------------------------

To identify genes that were significantly correlated with the prognosis of BC patients, we performed univariate Cox proportional-hazards regression survival analysis DEGs, and the result suggested that 103 DEGs were significantly correlated with the OS (data not shown). Then, results of multivariable Cox proportional-hazards regression analysis suggested the 19 DEGs (PIGR, SUSD3, NDRG2, ACSL1, CFB, MEOX1, APOD, ROPN1B, CEBPD, CD24, MAL2, SAA1, ZACN, STAC2, ZMYND10, PLIN5, ADHFE1, NKAIN1, DTX1) were independently associated with the OS of BC patients (Supplementary Table 2). Subsequently, the DEGs were included in a Cox proportional-hazards regression model, and the risk scores for each BC patients were estimated. Thus, a 19-gene prognostic signature was constructed based on the risk score of each BC patient (Fig. [1](#F1){ref-type="fig"}).
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3.3. The prognostic role of the 19-gene signature
-------------------------------------------------

Based on the cut-off (1.035), the included BC patients were classified into low-risk group and high-risk group (Fig. [2](#F2){ref-type="fig"}A). Next, we analyzed the prognostic role of the 19-gene signature, and the results suggested that the OS of patients in low-risk group was significantly better compared with that in high-risk group (hazard ratio \[HR\] 0.3506, 95% confidence interval \[CI\] 0.2488--0.4939, *P* \< .0001; Fig. [2](#F2){ref-type="fig"}B). Meanwhile, the 19-gene signature stratified patients with early stage (I and II) (HR 0.3172, 95% CI 0.1975--0.5095, *P* \< .0001) and advanced stage (stage III and IV) (HR 0.3691, 95% CI 0.2242--0.6079, *P* \< .0001) BC into significantly different prognostic groups (Fig. [2](#F2){ref-type="fig"}C and D). Furthermore, the 19-gene signature was also demonstrated to be an independent prognostic factor for patients with BC (HR 1.501, 95% CI 1.374--1.640, *P* \< .0001) (Table [2](#T2){ref-type="table"}). The TCGA-BRCA was also divided in into triple-negative BC (TNBC) and non-triple-negative BC (non-TNBC). As a result, 123 BC samples were TNBC, and 845 BC samples were non-TNBC, and Kaplan-Meier curve suggested that the 19-gene signature stratified patients with TNBC (HR 0.3114, 95% CI 0.1023--0.9478, *P* = .0399, Supplementary Fig. 1A) and non-TNBC (HR 0.3207, 95% CI 0.2123--0.4845, *P* \< .0001, Supplementary Fig. 1B) into significantly different prognostic groups. Moreover, multivariable Cox proportional-hazards regression models suggested that the 19-gene signature remained an independent prognostic factor after adjusting for other clinical factors including pathologic stage, age, and histological type in the TNBC cohort and non-TNBC cohort (Supplementary Table 4). Finally, we validated the performance of the 19-gene signature, and the results of Kaplan-Meier survival analysis suggested that patients in the 19-gene low-risk group had better OS compared with those in 19-gene high-risk group in the validation cohorts (Supplementary Fig. 2). Multivariable Cox proportional-hazards regression models suggested that the 19-gene signature remained to be an independent prognostic factor after adjusting for other clinical characteristics (HR 0.3557, 95% CI 0.2155--0.5871, *P* \< .0001).

![The prognostic role of the 19-gene-based signature. (A) The cut-off to categorize breast cancer into low-risk group and high-risk group using time-dependent receiver-operating characteristic (ROC) curve analysis. (B) The overall survival of patients in 19-gene signature low-risk group and high-risk group in the whole population. (C) The overall survival of patients in 19-gene signature low-risk group and high-risk group in the early-stage population. (D) The overall survival of patients in 19-gene signature low-risk group and high-risk group in the advanced-stage population.](medi-98-e14617-g003){#F2}
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Univariate and multivariable Cox proportional-hazards regression analysis on PFS and OS.
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3.4. Construction of 19-gene signature-based nomogram
-----------------------------------------------------

We developed a nomogram that is able to predict 3 and 5-year OS using the 19-gene signature and other clinical features of BC (including ER status, PR status, HER2 status, histological type, age, and pathological stage). As shown in Fig. [3](#F3){ref-type="fig"}, the primary and internally validated C-indices for the nomogram were 0.817 and 8.013, respectively. To read the nomogram, a vertical line up to the top point row to assign points for each variable should be drawn. Then, the total points for a patient can be added up, and one can obtain the probability of 3 and 5-year OS by drawing a vertical line from the total points row. The calibration plots for the probabilities of 3 and 5-year OS showed good agreement between the predicted OS by nomogram and actual OS of BC patients (Fig. [4](#F4){ref-type="fig"}).

![Nomogram for 19-gene signature and other clinical characteristics in patients with breast cancer.](medi-98-e14617-g005){#F3}

![Calibration analysis of the 19-gene containing nomogram for 3 year overall survival (A) and 5-year overall survival (B).](medi-98-e14617-g006){#F4}

3.5. Clinical use
-----------------

Finally, DCA was applied to render the clinical validity to the nomograms, suggesting that if the threshold probability of a patient was 1% to 58%, prediction of 3-year OS based on the nomogram showed more benefit than either the treat-all-patients scheme or the treat-none scheme (Fig. [5](#F5){ref-type="fig"}).
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4. Discussion
=============

As mentioned above, identification of novel biomarkers for BC is important for the risk stratification and targeted therapy for patients with BC. In the present study, we identified such biomarkers based on the results of survival analysis of DEGs between normal breast tissues and BC. As previously demonstrated,^\[[@R14]\]^ the progression of tumors through the continuous accumulation of genetic and epigenetic changes that enable escape from normal cellular and environmental controls might be correlated with genes that affect cell cycle control, apoptosis, angiogenesis, adhesion, transmembrane signaling, DNA repair, and genomic stability. Identification of DEGs between normal tissues and cancer has been proved to be an important strategy to identify such genes.^\[[@R15]\]^ Thus, in the present study, we developed a 19-gene prognostic signature on the basis of DEGs between BC cells and normal breast tissues.

To construct such a prognostic signature, we performed univariate Cox proportional-hazards regression analyses to find DEGs that correlated with the OS of BC patients, which resulted in 103 genes. Next, we performed multivariable Cox proportional-hazards regression analyses to confirm the prognostic role of these DEGs, and 19 genes were finally demonstrated to be correlated with the survival of BC patients. These results suggested that the 19-gene-based signature might have prognostic relevance. The results of survival analysis demonstrated that the 19-gene signature was an independent, prognostic factor in patients with BC, and it also could stratify the BC patients with early stage (I and II) and advanced stage (III and IV). The primary and internal validated C-indexes for the nomogram of the 19-gene-based signature were 0.817 and 0.8013, suggesting that the prognostic value of the nomogram was evident, and the results of calibration analysis and DCA confirmed the clinical usability of the nomogram.

Meanwhile, several of the DEGs identified in this study are noteworthy. Qi et al^\[[@R16]\]^ demonstrated that the expression of PIGR was decreased in nasopharyngeal carcinoma cells and low expression of PIGR predicted poor prognosis in nasopharyngeal carcinoma patients. Zhao et al demonstrated that the protein level of SUSD3 increased in BC compared with that in adjacent normal breast tissue and its expression was correlated with the occurrence and development of BC. The role of NDRG2 in different cancer was different.^\[[@R17]\]^ Wei et al suggested that increased expression of NDRG2 might promote the proliferation of BC cells, whereas the results of Yang et al suggested that NDRG2 inhibited the proliferation, migration, invasion, and epithelial-mesenchymal transition of esophageal cancer cells.^\[[@R18],[@R19]\]^ Vargas et al^\[[@R20]\]^ demonstrated that 3'UTR polymorphism in ACSL1 was correlated with expression levels and poor clinical outcome in colon cancer. Lee et al^\[[@R21]\]^ demonstrated that CFB was increased in pancreatic ductal adenocarcinoma cells and it could be treated as candidate biomarker in pancreatic ductal adenocarcinoma. Sun et al^\[[@R22]\]^ demonstrated that MEOX1 was related with poor clinicopathological and survival of BC patients. Braesch-Andersen et al^\[[@R23]\]^ demonstrated that APOD promoted the proliferation of bladder cancer cells. Lin et al demonstrated that CEBPD promoted the sensitization of cisplatin in urothelial carcinoma cells. Cong et al demonstrated that CD24 was increased in BC cells, and it was correlated with poor prognosis of patients with BC.^\[[@R24]\]^ Eguchi et al^\[[@R25]\]^ demonstrated that increased expression of MAL2 was associated with poor survival in patients with in pancreatic cancer. Lin et al^\[[@R26]\]^ demonstrated that SAA1 was associated with poor prognosis of patients with gliomas. Mishra et al^\[[@R27]\]^ demonstrated that ADHFE1 played a role of oncogen in patients with BC. Hsu et al^\[[@R28]\]^ demonstrated that the expression of DTX1 was decreased in gastric cancer cells, and the expression of DTX1 was associated with better prognosis in gastric cancer. Thus, the literature review suggested that the prognostic role of the 19-gene-based signature was evident.

However, due to the limited experimental conditions and lack of enough funding, the conclusions of the present study could not be validated in molecular biology experiment and clinical trials. We recommend that future studies focus on molecular biology experiments and large-scale clinical studies to validate our conclusions.

5. Conclusion
=============

In conclusion, we constructed a prognostic signature and nomogram for patient with BC, which showed good application prospect.
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